BY F. C. NEALE AND M. FISCHER-WILLIAMS*
From the Queen Elizabeth Hospital, Birmingham (RECEIVED FOR PUBLICATION APRIL 28, 1958) Wilson's disease (hepato-lenticular degeneration) is now known to be associated with an inborn error of metabolism. The following biochemical abnormalities have been repeatedly confirmed in patients suffering from the disease (Scheinberg, 1956; Bickel, Neale, and Hall, 1957) : Increased content of copper in the liver, brain, and other tissues, increased urinary excretion of copper, a decreased level of copper in the serum and an associated decreased level of the copper-containing plasma protein coeruloplasmin.
Other biochemical findings include aminoaciduria without necessarily an abnormal level of amino-acids in the blood. This familial disease is inherited in a recessive, autosomal way (Bearn, 1953) . Biochemical abnormalities have occasionally been reported in clinically normal relatives of patients with Wilson's disease, namely an excess amino-aciduria (Uzman and Hood, 1952) and a low coeruloplasmin level (Scheinberg, Dubin, and Harris, 1955) . We are not, however, acquainted with any study of the copper metabolism in asymptomatic relatives, and this investigation was therefore undertaken as a further step in the study of this rare but fatal disease.
As a parallel study in order to establish on a comparable basis the normal range of serum copper levels, one of us has examined the blood of 106 normal adults.
Material and Methods
The serum level and the urinary excretion of copper was estimated in 48 clinically unaffected relatives of cases of hepato-lenticular degeneration. Estimations of coeruloplasmin and urinary amino-acids in the same 48 cases are being carried out by other workers and will be reported later. In all these relatives samples of both blood and urine were *Present address: The London Hospital, Whitechapel, E.1.
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examined; 39 individuals in one family were investigated and the family tree (Family A) is shown in Fig. 1 . Twenty-three of these were related to the father and 16 to the mother of two patients who died in adolescence of Wilson's disease. Clinical and biochemical studies of these two cases and necropsy findings in one of them have been reported previously (Cases 2 and 8 of Bickel et al., 1957 Eden and Green (1940) and involves wet ashing of the material. Analyses were carried out in duplicate whenever the sample allowed.
Apparatus.-Special micro-Kjeldahl flasks were made of " pyrex" glass tubing of about 20 mm. outside diameter with bulbs of 35 ml. capacity and graduated at 40 ml. on the stem. They were 9 in. in length and carried a B19 ground-glass joint at the neck; in these flasks both ashing of the sample and extraction of the copper complex was carried out, avoiding the potential sources of error in transference to other apparatus. The importance of clean glassware and pure chemicals cannot be over-emphasized. The special flasks were cleaned initially by boiling in them a mixture of sulphuric and nitric acids, followed by copious washing with tap-and then glass-distilled water. Other glassware was cleaned with chromic acid, washed out with tap water and thoroughly rinsed with glass-distilled water. Polythene vessels were cleaned with concentrated nitric acid before washing.
Reagents. Ashing takes two to three hours depending on the amount of organic matter to be destroyed and the frequency of the nitric acid additions. The flasks were allowed to cool, about 5 ml. glass-distilled water was added, and the solution reheated till again fuming to remove nitric acid. When once more cool the contents of the flask were diluted with about 20 ml. glass-distilled water and 50% ammonium citrate (2 ml.) added, followed cautiously with shaking, by concentrated ammonia solution (10 ml.), and, after again cooling, by 2% aqueous sodium diethyldithiocarbamate (0.25 ml.). Distilled water was added to the 40 ml. mark and 5 ml. iso-amyl alcohol added:
the flasks were closed with glass stoppers and shaken vigorously for one minute. The top layer was allowed to settle and transferred by means of a teat pipette to a dry, clean test-tube, which was then centrifuged to separate possible suspended water droplets. (Centrifugation was preferred to filtration because varying amounts of contaminating material were found to be extracted from different grades of filter paper.)
The extinction coefficients of the clear yellow solutions of copper diethyldithiocarbamate were measured in a "unicam " quartz spectrophotometer in 1 cm. depth at 435 myA. Their copper content was obtained by reference to a calibration curve prepared by putting a series of standard solutions containing 0-30 pg.
copper through the same extraction process. Under conditions in this laboratory 1 jug. of copper gives an extinction coefficient of 0.044, and the average copper content of the blank was about two-thirds of a microgram.
Stock Copper Standard Solutioni-This contains 100 p'g. Cu/ml. and is prepared by dissolving 392.8 mg. CuSO4.5H20 in 1 litre of distilled water to which a few drops of concentrated sulphuric acid have been added. The stock solution is conveniently diluted 50-fold (2 ,ug./ml.) for preparation of standards for the calibration curve.
Stability of Colour and Its Proportionality to Copper Concentration.-The extinction coefficients of copper diethyldithiocarbamate solutions in amyl alcohol, prepared as described above, were found to be unchanged after standing overnight at room temperature in glass-stoppered vessels.
Over the concentration range 0-30 ug. copper the calibration curve was found to be completely linear. Samples of greater copper content may sometimes be encountered when ashing tissues and it was found that no loss in accuracy is occasioned by reading these in cells of shorter path length, e.g., 2 mm. instead of 10 mm., or alternatively, by diluting them with amyl alcohol before reading in the 10 mm. cell, since The urinary copper excretion in these relatives was therefore normal and well below the pathological level.
Clinico-pathological Data The first cousin of the mother of the two sisters with Wilson's disease in family A had almost cer- group.bmj.com on July 9, 2017 -Published by http://jcp.bmj.com/ Downloaded from tainly died from hepato-lenticular degeneration. She had dysphagia and difficulty in walking, and in 1938, when attending the West End Hospital for Nervous Diseases under the care of Dr. Colin Edwards, she showed a "Parkinsonian" mask, mild rigidity with loss of associated movements, and coarse tremor and incoordination of the limbs, particularly the right. She became emaciated and died aged 33. Necropsy performed at the West Middlesex Hospital (P.M. No. 455.38) showed a small nodular liver with advanced cirrhosis and splenomegaly, the spleen being four to five times the normal size, with increased fibrous tissue. There is no record of examination of the brain.
Other deaths in the families confirmed by necropsy had been due to alcoholic delirium tremens (one case), coronary thrombosis (one case), and rheumatic endocarditis (one case).
A medical history was obtained and brief medical examination carried out by one of us on the relatives numbered 1-42 inclusive. A familial incidence of gall-bladder disease (three out of 11 siblings, seven of whom were examined) was found in family A, but this was not considered of significance. A male relative (No. 41) had albuminuria and had been diagnosed the previous month as being in the non-oedematous stage of the nephrotic syndrome. A decreased level of serum copper has been reported in some cases of the nephrotic syndrome (Cartwright, Gubler, and Wintrobe, 1954) , but this patient's serum copper concentration was normal (98 ttg./100 ml. (1953) states that in no parents " available for study was any biochemical abnormality found," but he does not quote the number of cases examined or the copper levels found. Out of the eight parents (four pairs), two (one pair) had abnormally low serum copper levels, the remaining six (three pairs) all being normal (see Table II ). Secondly, the criteria for the diagnosis of Wilson's disease need to be considered. Scheinberg (1956) states that " a finding of a level of coeruloplasmin below about 15 mg./ 100 ml. of plasma, in a subject who is not newly born and is not suffering from the nephrotic syndrome, is probably a sufficient criterion for the diagnosis of Wilson's disease." This cannot be true of the father of one of the proven cases. His serum copper level on three separate occasions over the past 18 months has been 47, 45, and 48
Mug. /100 ml. respectively. Since 95% of the copper in the serum is firmly bound in coeruloplasmin (Holmberg and Laurell, 1951) and since normally there is 25 mg. of coeruloplasmin per 100 ml. of plasma (Scheinberg and Gitlin, 1952) , it is clear that this man has a level of coeruloplasmin well below 15 mg./100 ml. of plasma and yet he is clinically healthy in every respect.
The factors which may influence the serum copper levels have not yet been fully elucidated. Although the level has been found to be relatively steady in both the normal and the abnormal (particularly in the abnormal), some normal Mg./ 100 ml.) on the first examination, but on five subsequent occasions she was found to have levels ranging from 84 to 91 Mg./100 ml. The problem of this fluctuation in normal subjects is at present being studied and the results will be published later.
It has been demonstrated that there is a statistically significant sex difference in that the level is higher in females, which is in accordance with the findings of previous workers in Scandinavia and America (Lahey, Gubler, Cartwright, and Wintrobe, 1953 ). This higher serum copper level in females may be associated with the higher levels of circulating oestrogens, and the wider range with fluctuating levels of oestrogens. Since the group under discussion mainly included young adults the data cannot be used to correlate possible changes with age. Cartwright et al. (1954) in 228 normal adults found that the mean for serum copper was 116+S.D. 14 jMg./100 ml.
Only 10 of his subjects (4.4%) had a value of less than 90 Mig.!100 ml.
The occasional low serum copper found in normal relatives of patients with Wilson's disease may be a biochemical abnormality preceding overt clinical manifestations. Alternatively it may be consistent with a normal span of healthy life. In the latter case it could still represent a hereditary flaw capable of producing disease in a suitably constituted offspring. Since six of the cases are aged 26 to 54 and show no signs of developing hepato-lenticular degeneration, it is most unlikely that biochemical abnormality in their case is going to herald clinical disease. The five others are aged 13-23 and, theoretically, therefore it is possible (although unlikely) that they are candidates for the illness.
In order to decide whether the low serum copper level was fortuitous and unconnected with Wilson's disease or, as seems more likely, of some significance in the inheritance of the disease, it would be interesting to study copper tissue levels in these relatives, but for obvious reasons this is not possible.
Although numbers are small, it may be significant that the low serum copper levels in the relatives were found more frequently amongst the males than the females (see Fig. 2 ).
Abnormal amino-aciduria was found in five asymptomatic siblings of a family in which four siblings had died of Wilson's disease (Uzman and Hood, 1952) . However, Bearn and Kunkel (1954) did not find any excess amino-aciduria in 35 individuals whose siblings suffered from the clinical disease. The present study of copper metabolism in 41 members of the same family shows that this inborn error of metabolism is expressed relatively rarely as a biochemical abnormality dissociated from clinical disease. Summary A biochemical study has been undertaken on 48 clinically normal relatives of patients suffering from Wilson's disease.
The copper values obtained in serum and urine in these 48 individuals is reported together with a control study of 106 normal adults.
The urinary copper excretion was normal in all the relatives.
The mean value for serum copper has been found to be 100 ,ug. /100 ml. in normal males and 108 Mkg./100 ml. in normal females, and this sex difference is statistically significant.
Interpreted in the light of these control values, 35 out of 48 relatives show normal serum copper levels.
Two child-bearing relatives show high values. The parents of cases of Wilson's disease may be biochemically normal or abnormal.
Eleven asymptomatic relatives showed low serum copper levels and five of these were undoubtedly abnormal (47-70 ug./100 ml.).
Since half of these relatives were beyond the age at which Wilson's disease manifests itself it may be concluded that some unaffected relatives have abnormally low serum copper levels.
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